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if#2 0 0 0 — 2 8 7 4 1 



m 

[4#ffF!f#©*SH3 

1 *K±KS i ©MO S h7>£?X##J£fifc;5;ftT&6lSJl?& 

±£##7^ -f * V & o T , 

iM»Affl*«#li^#SP«i»«*V D D^COiC, 

ie«aAlBAe-&»*&^»«l&fl£EVDD'v.©|fi!S*«4f'f KCIElfrfafcfc 
[W#a2] *S_h(CS i ©MO S h tlXte&Tgffiifc 
iufE*IK_hfc, iKU S/U a>tc«*ieiK:PN«-&S:»^E"r*ifcK:J: 'j^tiS 

[ft^*3 ] S«_htC S i ©MO S h5>^;*##7£f£2;riTfcSi£Mi8[ 
if^ft^ A -f X 7? & o T , 

W" jftAffl *»#il&mil V DDtfflS, Si tWgPlgifcSffi GNDt 

Wffil«MJ«Am*ffi*litfflll8lc. 

l«jai«Affi*«*»*&^»«lft*ffiVD'D^©l^*, fciU^SPSMffimEGN 
DA^?>HJl?SAm^'fS-§-^ / N©f6l^^^ti-? J ti^-f'^-- K©PI:&fti:fc5«fc , 5lc 
^ $ *i -5 r & #85: t -r * i^JS a* -f x . 

[|f#^4 ] a*-htc s i ©MO S h5>y**#7gfR3*iT;&:SigJa$8[ 
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jKU 2/U 3>«#|6J**-Y*- K#, 

i««aAffi*«-9i«)^&^ais«i&«ffivDD'\oifiia««if>f K©jK5Eri^t* 

« <fc o C m«E5!ftCJ!5«a *i, 

£ <>>{c, *»»*6mffiGNDfcf&flaiMriftAffl#*#*i:©IHC, 

v dd / (n+m) <i. i cv] ^m^t^t^mmt-t^mm^m^A^ 

[§#3 5] ^AmiJM^©^ iSjS&AffiAf^l&fCMLT©*^ 
KsKU S/U 3>«3effiJ#>f K^«atl*3fcS:»«fr*lllf*9Cl, 2, 

WffiJKU S/U 3>«2ffcr*r>f K#, KsK'J 2/U n :/ 19*8*0^ -w* 2/* SR^ 

Iff IBM O S b'yy&XjKDtf- hSflitt, SjKU 2/ U n ttgfJCD/K U 2/ U 3 

■f * U 5/ U n > IHNfilftBE * -V A 2/ * ##J* $ *U 

2 ffi!iE#2 0 0 1 - 3 0 1 7 3 7 2 
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ji ^ j: tf / * fc tittfffi^ u s/ u 3 > mNtiftiR * * ^ * m*<d * * a° */ * s<e«m 

?MI« A ffi#*HMR 4: VDDtClS, J3 J: ^»te*«ffi GNDt 
bubSH 1 CD/K U 2/ U =r e> iufETtf U £/ U n > EUfiJSK* A ^ * »^-©T8P 

tuiaii i ommmfr <?> tusa^ u 2/ u n > r^se^K* v a ^ # sg^-© * a 2/ * sc 

tufalS2CD3KU 2"J 3>®^e>tJf|2iKU 2/U n>r^1fi»M^-vA^^^©-hSP 

gp, jsjcow; s/U ns/«#i*r4r-f K©Pia«fc-f *>&aA-r*fe»«D u 

[ft** 1 0] ffimm2(D#V i/V n>®^e>tt(IBMO S h9>2>'X#© 
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itK^mmm&G NDizM&mm&tf A±i£nt~m&ic. mm^v s/u n>gt# 

£ * 5 > ^EIS& V D D t^S|5®«*ffi G N D i: ©IffllcR fe Z. 

tz^mt-tzm^mi, 2, 3, 4. 5. 6, it,r=.itsmm<^mmi&^mi^ 

[0 0 0 1 ] 

Si ( y 3 » ©M O S h 7 > y x * ^feiSMSlf »#f^ 
>f >UCHL, "fc < IC, SESD (Electro Static Discharge) tfffiSr^b^Mffl 

[0 0 0 2] 

ffiffiffc, /hfflft, ffin^ hft&lg^^s^tc^^&iSHa^ft^A-f 

tIV^#»g$:^Ga A s & if (Dili - Vj&ft^#>ip»##£ SCffl ^ & tl 
T*fc#, iE*P, S i(Z)MOS h^>yx*CD«»ffc«««»tCJt^ 0. 2 ^ m 

ESD (Electro Static Discharge) ifft^^ Rfg • KflUB-rA-f X 
[0 0 0 3] 

, ESD (Electro Static Discharge) fcnfliftSj^ ¥#ft;^-y-/\<D E S D l± 
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Aft^^^^ftSI^^^SfcttSr^^MbU&HBM (Human Body Model) , ^® 
bfefiS^&^^ffr^^^^ftW&^^WtbfeMM (Machine Model) , 

(Charge Device Model) (BHffiJB ZKB-Jtu HBM^CDM0)iM 
J£0J£B 1 ICa^**, 3.(012;^ &fo*5J: 5 IC, HBM-CB-IOO [ns] 

v^e)^:b«cW^^F^^c^^feoT— i [a] nm&mwtx h i/x^cs^t^t)* 

CDMJCO^Ttt- 10 [A] gg<0iS«8fc;* h l/*#~l [ns] iiV* 
[0 0 0 4] 

SI (Large-Scaled Integraion) S if/WX0iSt^5MOS (Metal-Oxi 
de-Semiconductor) S ^ > * *jg Srffl MOSb7>^*©y 

-V-jJO-r-O^tCJ: ^<Z>Affii7t: 0 >&S i 9x/NjKZ)«*Ay K (Affi* 
[0 0 0 5] 

Jgfi, i©ESD«ii»i:LTIt *7«ffilC b feM O S h 7 > y X * S A 
ffl*fi*»lC«iRi-Sia»««J:<fl§V^e)*lTfiy, fcfc*tfifc*M-D.Ker et.al. 
, I EDM, pp. 889-892, 1996 (J£*T. :£iRlfc^e>) IC* <Z>M#a*£ *lT Vn5 0 SI 
2tC*a)f^a»E SD««H»<7)iattiaS:^ , to Zl(Z)El£>J;^tC, Affi*^ F 
3 OhMliKl 0 0 fcfc««i-SAffi*«W»JC, >f- hfcy-^feJ:tfP^ 
i;bS»*L£NlMOSh5>^* («T, NMO S h^^) 3 1©KH 
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512 0 0 0-2 8 7 4 1 9 



e>) ;:SiRufepaMosh7>y^« (ht, PMos^eo 3 2<z>ki/-y 

SftV^o — ESDCJ:5t-^Aff}*A*;F3 0*?)SEAtSfc, «~RC 
ft W t* £ gfrf£#jg r»J, Kl/>f>*&y-^ 

[0 0 0 6] 

H3 tC <fc *J, rcOMO S h^>y*#<Z>W£A>f d*-^ h^^X^Mrf^Srft 
BJ?~f£ 0 r^-eti. IE«EE<Z>-9"-^4 5tfNMO S 3 1 60 K W >ICAS ~ £ S: 
JBfebTV^S. *t\ Kl/>f >©N+JK*» 3 1 3 K;fcv\TlE«ffi#BJiIlS*U 
■fr-SJtCj: y *(D«£E#*£<fc5tCo*U 3S#l5l/W 7X $ fife N +»I 3 

hole^ P9x,n/(DSailR Sttb kf&fc. I hole' R sub ®«i£l*T# P 9 3 

1 4 |*ffiS:#ft&Cgr£ii:JCJ&S„ i(Z)«ffi»TtCJ: y, NMOS0¥-1>3 
l i«T<0«v*P9x/l/««3 5 o<o«ffi««iE«*i{C-h#"rsciti:a*. £0) 
1$. KH>N+iifti3 1 3/4*- haT0>SVNP^x;i/fl^c3 5 0/V-* 

SS«Ji3 1 3/**- hfiT^)«^P^^^I«Sc3 5 >f- httT 

©«V^Pi>ai;HB«3 5 O/V-^N+jKlfcJB 3 1 2 tfJWrW T * 2 tlT y , 
^C£>*£N PNAWd*-^ h7>y^**ONt5, £t±«)J:-5tc, 4*- h 3 1 
1 ^i«$nt7tIt^^feNMO S3 1I1 E S D(Z)iE«ffi*-^4 5 
in£*i££> N PN«F£/W *-7^0N L*««e3 3 3 SSE't^fc^-sriBt*: 

[0 0 0 7] 

Af£E0!)t-y^PMOS3 2i:AofeS^feH«(Z)i^fi-5. * 
^(C, PMO S 3 2(D Kl^VlCAofclESJEfl)*-^®*-^** KW>/N 
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[0 0 0 8] 

dCD*?^ *7«S0)MOS Srffl^fcE s Dffiatus&^c <fc 

[0 0 0 9] 

5ifcS«J:<»6*it^. ^fcfo^ MOSh7>yxjr©y-hM60i; 
V-x/KU-f >ffi«»tc*4:'r h 6 3 fccoffiJH h • 3>#^ h 
MffiHI6 5) &+#*S< (B4*RB) - ifciU IcJctUl -tflB 
4*- h - n y # 9 h RSiSNl 6 511 5 — 6 mmU b ft < T &ft & ft ^ $ tlT 
V^„ >f- h • 3># * hr^SEit 6 5 £ d, 3># ^ h 6 3 CDiSS*: c iltSfe 
y-Mi6 0t»*tl^V-^/Fl/>f>M«6 K 6 2(£>ipS&2 d + 
c t4s:tfr6, 4*- N • 3>#^ hf^SES66 5 fcS«MB#S>£ 
E S D««Jf|^-£: ITftfflt^MO S h^yx^lCfc^TMu V-^/KH 
>fi«6 1, 6 2<Dffii)iZ%<teZ>Z-ll1fit)fr2> (0. 2 # mCT^if-f y)V-Jl 
-en cteo. 2 jitmIKt»Sii:««-lR»t»S*^, y-x/KU>f>!K 

|61, 62CD(|2d + ciilO. 2 — 12. 2 m m < ft £ ) . b o 

T. #I/U1 t^SiESD«illiBS:*«t«fe«)i:ttMOSh5>^*^ 
-hi^HSlOO/im^gt'feU, 0. 2 ^ m^if-f >;i/-;WC 

«a*^i: Utftfflt^MO s h^>yx#<z>v-*/ KU-f >tfitfcJB(Z)*f S i 
S* (^x;i/)" 1 - 0 2 — 1. 22pFti*J, #?glC:*£V^ 

[0 0 10] 
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^y^n^'y ^T^-Cxfcfc^Tii, mmt-tezz. ^li&frofe,, b;frb&#?> 
, s i -mo s'feMv^fcWiUft***^ u iti^tsftiOHiia!*. 

glCffl-f z I z |li, 1 / (2 Jt f C) T**fc>£*U 

I z | < ft &c 4: 'if- a^tc, i©**c*<**< 

fiCffl>f >tf-#>Xz I z |li, 3 ^fC/J^ < "T* 

«(C/.hS<*:&. 

[0011] 

rrt', H;£R. Groves IEEE BCTM pp. 149-152, 1999 iCt^atlT 
V^5J;-MC, SiiSTB. G a A s ©**#f;WXtM^6*l 

S ia«<39ffifii3 5, 3 6 %/J>$ V> tf), ^Jf8L\ffi#'fI#*8tCiffi*V 

J: y S3e bT L * 3 
[0 0 12] 

J0Lt0J:3K:, fie*OTfttBT'li, ESDffil«?5:^tSIi:tCJ:fJlES 

iilli^oI|gT'feofe„ 
[0 0 13] 

mm tfM&: b j: e> t -r « us® ] 

[0 0 14] 
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[0 0 15] 

WMi»AllI*«#»4:^a5«i»«aRVDD4:cZ)Wlc, ilM«Affi*fl^fl^t 
fr%mmmB VDD/\C7)fpJ^^^-Y^- K OD jiR^ [pj i: & £ cfc e> IC m{g£) 3K U S/ u 

IBiSM«Affi*« W* i: (BISKC G N D * & SMtASiM^ 

fcttWKTgja • S8RU VDD0lII5:V dd i:ba^ Jg«S ft* #U 5/ U 
3>«*fiI4f>f*- KC0-&ff«»n + m*«, V dd / ( n + m) <1. 1 [V] fe 

[0 0 16] 

Ttt, sKU 2/U 3>«*rft4f>f KSrJKU t/ U 3 > IW*ft<»lK^r -V ^ 2/ * SR^O) 
TSSSSiiH— <Z>3KU MO S h^y&xtOV- hSffi 

[0 0 17] 

jtfU ^'J3>i*^I^t- Fa>PN«-&fflS_tlC* ra>PN 3 
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&gt*£ <fc O t J: ^ 0 

[0 0 1 8 ] 

[0 0 19] 

^>y*#<Z>S3®:/niz;*lca3^T, MO S h9>^^*©^- h»ffiS:JgJ*f 
[0 0 2 0] 

CO^tg^^-f^B^-r^o 13 6 (a) {Z^&olZ. Affi*Ay K3 0 a tWfflia 

VDD^\OfpJ^^Pi*foJ^^^ 94*- K3 8 Srg&KU a<b&C> G 
ND (ft*) i:«*|»i:<0lHfc. GND^fefB^ilR'stowa^JIH^lSliiasJ:^ 

higgle V D D J; y Kv^lE«ffi(Z>«^#Ao V D D IzmMZ tlfc 94 *- 

K3 8#ONU VDDtC««#S6;TU «#»<D«ffi#V DD J: yffi 
. ^*-K3 8ttONt5 a 3»IC, fgflfCGNDi: UfiV^JE (f^^^A 
«BE) 6D«##A-3fc»^ GNDCii$nfe^t-F3 7^0Nl, GN 
DlC*«#*JtU fif «0i£E# G N D i U * < ft 6 * If , 4T>f K 3 7 tiO 

X. «-tH»tCiE(DlK«flEE SD*- ^4 5 a^Aofc»-& (EI 6 (b) ) teVD 
DIC»«a*lfe4T>f F3 8 tcj: y, M#^S^C *0)W«i± E S D*-SM 5 b 
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^Aofcl^ (M6 (c) ) ttGNDtC&iggSiilfc^V K3 7 (CJ: U, iS« 
E©t-i??:VDD«GNDA^t;i # "T«-e & 'J , f§#i$©$fc £ o & # S 
P^SPia^ 1 0 0««E SDKJ:oTW«a*l*r fcSBfr^iiljVeS*. 
[0 0 2 1] 

LfrU i©#>f KiC<fc.5#9>:7 p lHf5&{C& > ^AA. Z. Wanget.al., I 
EEE BCTM pp. 46-49, 1999 (JgHT. 3MR3) TfffiSflTHS J: "5 IC. *3 fclHUE 
j&#&<5. E S D«^©>aS»fP«rfC, te*jlifCVDDffl«£E#BJinS 

», «-^»o«ffi^vDDj:»;«Ti«<**i4:^ai i ;»6. VD 

[0 0 2 2] 

8 2 _hlC^bfcd<y S/U n>©)g8 4 tCW^-> PM©fS^8 5 £J: 

t>'NS©fI^t8 6 SJgflRU «*l^»CPNie^S:J!J«L,fe=feOT?**. jKUS/U 
3>^^foJ^V^- Kli, HzfcM. Dtoit et.al., J. Electrochem. Soc. , vol.1 
25, no. 10, pp. 1648-1651, 1978 (JSJT, jtBR 4 1^ 3 ) ICTj^tlTV^i-iiC 

HXY. Miyawaki et.al., IEEE J. Sol id-State Circui ts, vol.34, pp. 1551-15 
56, Nov. 1999 (J£*T, 3tffi5 £\,\?) ZftbtomftMlZ^ZftT^ 

roiK'ji/yn^isini^^-Kii s imwLfrb-frmmtm&tf 
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■t&Z&tfV 3>^^(Rj3f-f FiC«. -#T*. l!ui&©ifc#<©ffl3SMfr 

i";3>twj, ^©^ks^ c^u-* ©£«>, x* 

- * mm * &m tuv^nyv? -r * k aus s ^ a «rtg t* & 

-y ;t - f i±, « sstt©^.^ <c>*)UVvv y, \zm.m tsih it* «imv & 

ofe„ i*uc*f L:£iSR5©MT-te, 79-vi/^^^U©— figlSS&tciirtfy i/U n 
ymi5$i#J*- F&£<ffl^£3i:&<, #ffimmtc©,frigffl LTV^S. #J± 

u ©«&m*i&fwra©*©iWT*3D'j, i«®fi#;fA>f^Ti o^ 

laiC^fflS^lSON/O F F©m»:J: tlMi%;^^^i6#tlIIS[©'««ttb^S# 
[0 0 2 3] 

^©A^KftafcCfiV^Ttt. E SD«fl|BI»fflOSR : ?-i:UT4f-f*-K. 

«T©#ffiKJ:»Jtt#K*fflraB,&«:il«U S i -MOS h5>y^<tfe«M 
LfciiOlt&T-VWxtcfcV^ IE S DWttS*bfc. ffitRIB • ^ 
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[0 0 2 4] 

jzftmx'it. s i -mo s h ^>z?x& itmmist-'&mffi.'rrtj ^<d±a&± 

[0 0 2 5] 

*»;. VDDiffflJ * mints rtSrfJto 1 s , MiltAffl*fif»*EE«S:V 

DDfcGND©fg©43jt©fli£'lii: U VDD©V*;frfc5tf&o£#£tJfc»-£- 

[0 0 2 6] 
[0 0 2 7] 
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[0 0 2 8] 

jKu S/U n>«#iay>f k&e s D«tt*^£ bTSv^r £tc£ y. 2* 

u xi&mm<D s i asfiicgEtia* 1x1^9 mm zi&m? s ^ t #»»t «r« t 

miS7?ft*J, MO S N^>^X#(Z)>f- MBJCffl^f SiT>f*- F*g&. MO 
S N^>y;*#tcov*T(0ft»M£H«»c l 0 o ^mfc-r&i:. Its = 5 x 1 

0 0 = 5 0 0 / i m 2 (DW, dUtifcftRSr^bT, S i S« H m It S Z £ 

4:, *©»SiISBHF4«fiCB, c=£ ox- d/s (^x 1 ^ 8 *^ (s 

1 0 2 ) IC J: y«*tC*S #4 Jt- KlCog 0. 0 5pF£ 

Sill (^7i;i/) TOftgil. 0 2 — 1. 22pFlCi£^ 1/20HT 

'f££^£^^Mb2i*&-£&<, ESDfCj:£Si-MOS h^>^X^IlIS& 
[0 0 2 9] 
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TPNiB-&«:fNK-*-*fce>tf, -eco^M^SStti o 20 c nT 3 ©^ 

PNg^©£;£M&;fittJt«ft:*£^'fB£:fc5. ftHW^mti^rrt 

[0 0 3 0] 
[0 0 3 1 ] 

js*_t«>j:e>tc, s i -mo s y^^vxz *&mi>r=.~&mi&v 1 A4 t.<d±\& 

*»®^ , 6oWMiaAffiAfll-9»©*K:, d<U J/'J3>iSiRi^t- R£E S 
D««*^-4:bTafflUfc^5>^liI»«:f8»*ii:fCJ: »J, «»«sfcjB£"rr 
froi*M««ttfc*£<#<fbS**3i:*<, E SDtCiSS i -MO 

¥^#■5=^ % zmm-tz - i:*^»x arte*: 

[0 0 3 2] 

ife&fc©^JB2 

ftgpinissi o o nzmm? & tkm »Aifi*i*iii:vDD (^aj«*&sn*iE« 

•fB©3tfU S/U ni^^fa*"^ J*"- K3 8 a, 3 8 b. ■ ■ • 3 8 m £B:?!RCJ£e£ 
b, S^ic, GND (SMfi) i:iS»iftAffiAfl|-&*i:©rac GND*f»iSMI 



Eti!iE# 2001-3017372 





4#2 0 0 0 — 2 8 7 4 1 9 



K37a. 37b, • • 3 7 n fefi#||CJBJfft-*-S. 
[0 0 3 3] 

>KU i/'J3>®*l6l^jr- K©-&tt»m+ ntt, V D D©Sffi«£ V dd £ L 
X, 

V dd / (m+n) <1. 1 [V] (SI) 
[0 0 3 4] 

^fKf Si »J, 94-*- F©#1££.gK t3i 4:jJt-«»T*6. ^©<fc 
■5 Jfe^W^"— F&:£itRS. M. Sze, "Physics of Semiconductor Devices," pp.11 
7 (£tK6) {C&£J;e)tC, P I N^-f Kt*«*l*. r®PINif>f*- 
KT?©»f|s«:#*.Si:, iK'J S/U3>«*|^fW*- Ktc«ffiS:BiiDbfelK, W 

^■knx&t. i©PP#H«JE#> S i ©A> F=¥^y :/«JE (1. 1 [V] ) i 
t, i©i««©x*^/*-A> F#S ifflA>F^-v>y^«ffi« 

& (Hi l (b) ) . rfflJB*tt, r75yS/a^ ! e'Jtt*A>K^ , yjrj 



, Mffl^i^t^SS (^H^X) ©fc», x*;i/^-«H&©ai?^ h 

®A-fTX^©U-^S8f5A' : ^ : L<it^:LTb*-5 (01 1 

(c) ) . 

[0 0 3 5] 

frt-, *i6ifi©»»Kj:y. mm.m<D#4*-F$:m.?m%ii<x9^>7m 



-7Att Cfc»7) IC*2d£ <fc-MC A> KfiIh>*-n/3B*4:l* 
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<Z>A> K^^WEE (1. IV) <fc y*£<fc&fcV*J:3fc?-*~i:K:j:oT 
[0 0 3 6] 

W_ttf)<i;e>fC. S i -MOS h 7 > i/'X ^ 5:f ffl I fcSM«f /W ^ 0* AS 

W»iftWffiS:*«<*fta**ri:3fc<, ESDictssi- 
MO S h9>^X*BI»*^(Z)?||«S:l»itb, lESDBtt?:f ftftfB - 

WfBfB^tt-rA'f ;* £ f £ 3 T ^Tfg « „ 

[0 0 3 7] 

[0 0 3 8] 

±mmm<D&m 1 33<tt>*2 ic^rti, vDDfc«#ii»fc<z>raic^s-r 
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[0 0 3 9] 

mm&MMi, 2fiAot3©ifl« i P*#f;uxc!)«a^a-fexs, H12 

, 13, 14, 15, 1 6fiJ:tFl 7tC«ty»WrS. Hl'2 % 13, 14, 1 
5, 166iffl7(t Si««l±0NMOS»«««9 1, PMOSMffi 
«c9 2fei:r>^V^- K»*««9 3 tC, -ttl-ftlNMO S N ^ > PM 
O S h7>^*, -f L/TsKU S/U n>«*I*y>f K^M$lx«M?^ 

[0 0 4 0] 

^i^/Sr^-r*. (Ell 2 (a) ) 0 
[0 0 4 1] 

(Hi 2 (b) ) „ 
[0 0 4 2] 

#cic, i/yxh;t*->5iSf«U H*«*SAT^t <fc e> (c, nmos 

« (H12 (c)). 
[0 0 4 3] 

*JC, l/yxh;^->5lfe»SU 8[|<Z)l^X (HStf) S: 

ffifflbTsJf U 2/U n>Ji4<Z)^*-- >y&ifj«5e> (013 (a) ) 0 

[0 0 4 4] 

#C(C, l/^h;^->5 2$:MU Ef^CD^WBT^f i:e»fC, NMOS 

(mi 3 (b) ) . 



miE#2 0 0 1 - 3 0 
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[0 0 4 5] 

Z^IZ, h/\°#-> 5 2 £|&£U »!I<3D U^X fw^-> 5 3 Sr^fiRL 

DD*££^/*^£fc&0)>f;fr>aA£f?fc'5 (Ell 3 (c) ) „ 
[0 0 4 6] 

K9*-;i/5S»*f4 (HI 4 (a) ) . 
[0 0 4 7] 

l/^h;^->5 4 6»fi!tU 0*<2^PDT^*TJ:e>iC > NMO 
S h7>^^(^y-x/Kl/>f >IC-f jT>aA«:fTfc3 (01 4 (b) ) Q * 

[0 0 4 8] 

. Hcfi®^BrE-e^j:e»JC, PMOS h7>^^(Z)V-^/Fl/-f xc-f^- 
y&AZft&o (014 (c) ) 0 ^(©tSH^fC, 'sKU 2/U 3>«*rfiJif>f^ 

[0 0 4 9] 

K) B±«©)IS*IR6S:*«at6 (015 (a) ) „ «^T, l/^h/^- 
>56 SJgfiRb (HI 5 (b) ) . iJ-UiM KB&lhffl«Si|»lR 6 <Z)/1* & 
(015 (c) ) „ 
[0 0 5 0] 

•fUT. NMO S h7>y^^J;tfPMO S h^>^*#<£>>f- N/V-X 
/ KU-f >tC*U*-f K(Z)§7 (01 6 (a) ) a 

[0 0 5 1 ] 

*<Z>«L MfSI*fiift]R8 (016 (b) ) , NMOSh7>^^ 

PMO S fiJ:0P/KU S/U K fc^flSfcCDSMRS: i: 

S&fclC, =t>#^ h*-;i/9 S^fS (0 1 7 (a) ) 0 



1 9 
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[0 0 5 2] 

±mmm 1 1 $:^-r « (017 c t> ) ) . 

[0 0 5 3] 
[0 0 5 4] 

J^_h©S£tST*}±, PMO S S9>y^*fflV-X/ KU>f'>tC>r3«->aA&ff 
fteiliid', PMO S h^yV7.9(D>f- h«ffi^s©^M^-<^*>©ffiAS:f5* 
^lilitlStiiiOi: LTV^Stf, PMO S h7>J?X*C!)y- Htffi/\©^« 
ft'f^XBftAS:. NMO S h ^ > S?* # ©4*- MftAffl^ttft-f t>SA ( 
HI 2 (c) ) CDlff«*fcttfiW»Cff«!'5J: i 5K:b"T: : &J:^. 
[0 0 5 5] 

% 018. 1 9fiitJf 2 o'tC J: HI 8, 1 9 35 J: 2 0 tt. Si* 

fil±©NMOS»«ffl*9 1, PMOS^jA1H«g 2 i3 J: a— 
^9 3(C. ftl-ftlNMOS h5>^5, PMOSl>7>^^, 

[0 0 5 6] 

S i»«l±lC#S£®HtBI2 feJUiftU, $ tbfC-f^&A&fcr&oT 
(HI 8(a)). 

[0 0 5 7] 
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(018 (b) ) B 
[0 0 5 8] 

#ClC, U^h;^->5 1a?:MU 0tfia)5cBlA'T?^'tJ:^tC. NMO 
Af-B (018 (c) ) 0 r<Z>£g|BffBflC, sKU 3>«*|Biy>f KCON 
[0 0 5 9] 

j: NMOSh7>^X^0^-ME PMOS h7>S?XjfiZ)y 
[0 0 6 0] 

#ac i/$;xh;^->5 2aSf«u ©^fPB-e^-r <fc-3lC. NMO 

ffft^ (019 (b) ) 0 
[0 0 6 1] 

JCLDD»j§S?gJ«i-Sfetf)a)>f^->aASff3&"3 (019 (c) ) 0 
[0 0 6 2] 

^F^^T-jl/S^t^ (02 0 (a) ) . 
[0 0 6 3] 

*<Z>«, U^X h 5 4 a &Bf%L. 0^£>^fttD T^t* <fc ? NM 

o s h^>y^*<z>y-x/Ku>f ^tc^^^aASffft-i (02 0 (b) ) . 

[0 0 6 4] 

#ClC, l/yxh;^->5 4aS:»iU g[|0Uyxh/^->5 5 a&^S 
b"C, 0^(Z)^PPET?^"rJ:^fC. PMOS h7>yx«0V-^/Kl/-f >IC 
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JXy&AZft&O (02 0 (c) ) a ^(Dt^m^^, jXU */U 3>«#GJ# 
[0 0 6 5] 

[0 0 6 6] 

«±£>H&0J! P M O S h ^ > y X 9 (D V - * / K 1/ <Y > IC -f t>j£A S: ff 

ft^Xltf, PMO S h^>i/X^(Z)>f- h WS'v.CO^Wftf-f ^XOSASrff *; 
dXg&SftfcS*® £ bTV^tf, PMO S h7>^X^0>f- hS^^(Z)>FM 
*>f ^CD^AS:. NMO S b 7 > y X * h ti^©^F«ft>f *>ftA ( 

IH1 8 (c) ) ©StStSfettittfrJCffft'i Jc^CbT^V^ 

[0 0 6 7] 
|gS£<Z>7£J»6 

i . 2 i 3 ©ilJItfiftfyW * $ & Jcffi^RJi^ n *fe x 
£. 02 1. 2 2. 2 3 4 JCjiUSlW-rs. 02 1. 2 2. 23£J;tK 

24tt, SilE*l±©NMOS*«I«9 1, PMOS»«I«9 2, 
- K?^«ffi*9 3 fej:W^A°^^M«9 4 tC. ^-tV^tLNMO S h^>^ 

[0 0 6 8] 

Sf, S i*«l±JC»«llfKIR2S:««l^ $ ^C^;*>&A££:i&oT 
9 3i^/S:»«-r-5. (02 1 (a) ) „ 
[0 0 6 9] 

?^tc. N^<©^««iS:*iribfe3Ku 3>ji 1 4 (021 (b) 

) o 

[0 0 7 0] 

2/U 3>Jfl 4<Z)^*- — (02 1 (c) ) o Z.<Drt# 
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[0 0 7 1 ] 

7£lC. jKU S/U n>IBiie»JR*-v^S/*(Dl|ft3|»Btl 5 7\°#-n> 
y*ff&^ (H2 2 (a) ) 0 
[0 0 7 2] 

2 4 1C, l/yxhA*->aU^«ft-f*>S;aAU — 

>l24g»fej8t (H22 (b) ) . 
[0 0 7 3] 

t<D%^ b^^h;\^->5 2b5:«b, 0c£(Z)£cfrIB *Vm*t£ o IC. NM 

(02 2 (c) ) 0 
[0 0 7 4] 

#ClC, bA#-y 5 2 b S:|ft£U 9[<3DUy^hA*->5 3bS:^ 

it, HifKO^Brc-e^-ri-itc, pmos h7>y^*®v-^/Ku>f>tc 

LDDfl|JiS:»rt't*fctf)a)>f*>ftAS:ffa:'5 (02 3 (a) ) a 
[0 0 7 5] 

#ClC, l/yxh;^->5 3bS|»il/, 3KU2/Un>«14, 2 4 <Z>WffilC 
l»»JR*-f K9*-;i/5 SrJga-TS (02 3 (b) ) 0 
[0 0 7 6] 

*<Z)«, U^hA^->54bl:ML, Ht^^D T^t* <fc ^ fC, NM 
OS h^>y^*0)V-X/Kl/>f >tC>f*>ffiAfeff«5^ (024 (a) ) Q 

[0 0 7 7] 

l/^h;^->54bfe|»SU B'JCDUy;* 5 5 b £7£J!S 
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0 



LT, .0#<z>$=PPET*atf i-itc, PMOS N 9 > *J X 2 CD v - X/ K U>f >(C 

-rt>ttA?:ff&^ (024 (b) ) . zmtzmmz, tfv&vx>ve%mjr 

[0 0 7 8] 
[0 0 7 9] 

fiU^SHg-rtt, PMOS h5>^*©y-3C/KU->f >JC>f*>ttASff 
fe-JXS* 5 , PMO S H5>S?^4f hm«^©^««-f *>©aASff«: 

■5:Cg«:**iS=fc,©fcUT<r»*#, PMOS h9>^*©y- N«ffi/\©^$$ 
^-f;t>©&A£, NMOS N5vyxit(l!>y-MaAfl)^»|«-ft>ttA ( 
02 2 (b) ) ©lft*£fcttfttfrK:tffc3J:3KLT%J:^. 

[0 0 8 0] 
USscD^JB 7 

mmo&m 1 , 2 as * # 3 on«^fA^f * © asa^n * x© 3 & c * 

fe«l©«&, 02 5, 2 6, 2 7fcJ:t>'2 8{Ci »J 02 5. 2 6, 2 
7i3<fctf2 8li, Sia*l±fflNMOS*«fl*9 1, PMOSfiffl^9 2 

jk u s/ u 3 > ism* jr * a $/ * tfjgjft a *i wfla^fltf 1 A-f x ©«a ^ n 

[0 0 8 1] 

fxA&MtS. (02 5 (a) ) 0 
[0 0 8 2] 

#;fc, NM©>P*6fe&^inbfejKU i"U nym 1 4 Sr^f^> (02 5 (b) 
) . 

[0 0 8 3] 

3©,*y is'JayMl 4 ©/**-.=.> yfcfjfc^ (02 5 (c) ). £©/** 
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[0 0 8 4] 

*IC, sKU S/U 3>IB*ftl»lKap-v^S/*(Z)i»|»Kl 5 

(H2 6 (a) ) . ifiDtg, jK'J 5/ U 3 >«t#ft#-f Kfc&* 

[0 0 8 5] 

4 Sr^f^o NMO S h«*fc*&fflS#c3!>2Ky Z/V n>® 

ff&oT. NMO S h«S, PMOSh7>i/X^©^-h 

>l24£»S:at (02 6 (b) ) „ Z.(D£.%, U i/ U 3 >«;£fpJ#V 
Ki:ftsas^c03j<U S/U 3>Jf 140^, PNS^»fcfcsS$#<z>i:;£jc*tf 

[0 0 8 6] 

l/^Xh;\°^->5 2cS:Ml, H^^^WBT^-fi^fC. NM 

£*?&-i> (02 6 (c) ) „ 
[0 0 8 7] 

#ClC* I/$?^h^J->5 2cSiSU grjCD tw\°# -> 5 3 c 

IT, H*©5cBIC"e^f «fc-5tc, PMOS h^>yx*©V-^/KU-f >tc 
LDDtda.Sr^riE-rftfetfxO-f^^aASrtras^ (02 7 (a) ) 0 
[0 0 8 8] 

#cic, i/s;xh;^->53cfc8*u *ru^un>Mi4, 2 4tf){nreic 

«B»Bt*>f K9*-^/5 Sr«fj«f S (02 7 (b) ) 0 
[0 0 8 9] 
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os b^yyxz&y-x/Fu^yizjxy&AZft&o (K2 8 (a) ) Q 

[0 0 9 0] 

#CtC, US/X h;N°#-> 5 4c £Bft£U brt#-y 5 5 c Sj^jft 

LT, 0^<O^ET*;^J;e>tC, PMOS h7>y^*0y-X/Kl/>f >C 

-Y^->aAS:fT*e> (ES2 8 (b) ) „ z <d t %mmz. u y U 3 

[0 0 9 1 ] 
[0 0 9 2] 

JK±©KW"ett, PMO S b^>^X#<Z)V-;*/ KU>f >{C-f *>aASff 
ft^Il^ PMO S b^y&xjKDff- MiA©^j|i|Sift>ft>0'ffiAS:ff!5: 
•5XSSraEtoS*0)i: UTV%S*^ PMO S h7>yx«©y- httffi^tf)*** 

02 6 (c) ) <DW.%t£ fetttttfrJcfffc-i J^lcbTfcJ:^. 

[0 0 9 3] 
!6K<WgJll8 

<^m^mc^>^X, 02 9, 3 0. 3 1 feitfa 2 S:fl9^Ti¥Si-r5o 
[0 0 9 4] 

02 9 (a) ttsKU S/U n>«^[Rj^T>f >r- K^WtSS:, 02 9 (b) 
±I6«bLT^. S i3fiS8 l±{c»«a4xfed«tKftK8 2©±(c, 
tClSSa[tCPS^*fi*S:*ilIUfcP + +li«8 5at, ^^ICSSS^CNS!^** 
*S*JHL/fcN + +ffl«8 6ai:^^^*iJ 2/ U n >«*rSj ^f>f ^- KtfJgJifc 
3;ftTv\S B 3KU S/U n>«*[£a^>f Ktt. ^ h 8 8 £/rLT£:«ie 

«S8 9 izmmt*tiz^z> 0 

[0 0 9 5] 
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(££x.k£5y££>^fl4 fC£tt£ Ui/'X 5 4 ) -CHV\-H«8 6 

(&t.x.i l imt&<DBM4 tcfews uyx h^#-> 5 5) rgo, 

8 5a JC W»a fC P §?^i»^tf> >f * > SrSAt SlfclCiU M&-t& d 

rfe&V^ 

[0 0 9 6] 

EI3 0 (a) ttsKU S/U 3>«*lRr^>f K0>»r®«:* 03 0 (b) tt-fct) 
±®«:3l;foLTO* I1 S ilfiS l_tJC»tfta*ifc5MltHftJR'8 2£>_htc. 
KHe««JCPa>f:*6*S:«iPbfeP + +««8 5 b, ttKWWaftjcNffl^J** 
S:?8iIIbfeN+««8 7 b, *«JcW««K:Nffl^|tWS:»ftlUfcN + +fiR«8 
6 b t«v&&SJKy S/U n>#^fnj<$r-f K#jg]«SftTV*&. #U 2/U n> 

«#faif-f Ktt. n>^^ h 8 8 ^/ror^Miasss 9 tcsiRa tiros, 

[0 0 9 7] 

rCDi-5*SJKUS/U3>«*lRr4f-f*-Ktt. *f««8 5b, 8 7b£<ktf 

8 6 b©^#&ifc*ww«a^Na^*«*s»iWbfe*u s/u n>#*&jgjatu 

#CtCflR«8 5 bfii;r> # 8 7 b Sl/^X hA*»>7?aK «« 8 6 b iClfirjBgIC 
NS««©>ft>?:aAU £ofC, 4^tt««8 7 bj3«fctf 8 6 b&U*;;* 
hA#->rgo. M«8 5 b{c^SgtcPM^Mfef<7)>r^>S:aAt--5z:htc 
<fc yMt^I^^T^^o N^S3J:tFPffl^«ft(Z)>f *>SA^»<Z)JlHJ*r* 

or *><fcor ttto-i * rfcfcv^ 

[0 0 9 8] 

iffiJijRl 5 5:gfflLT, ffl«c8 7 b £ffi*Uc8 6 b H <Dm&& J: 8 7 b fc« 

«85b ta>*#S:Stf)r h A*-xz>ato^mtc<fcs«« 

8 7 b©TtS©«e>o*««fit;Sii:««&<, Sfc-*©ifS<z>1!R«8 7 b 
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[0 0 9 9] 

03 1 (a) ttiKy i/V ziz/mfifajt^*- K^WrffiS, 03 1 (b) te^£<Z) 

±ms:«*>bTv*& 0 s iiss i±izm&i<tifcftmik{£Vt& 2<d±iz, 

JCl»«a!iCPa>PI**S:»*IbfcP + +««8 5 c, 7ttfttfftft;6n®ffi«8 7 

c. #*tClSSKJCNS>FJI«*S:aSJlIbfcN + +flB«8 6 c fc& jKU */ U 

h 8 8 ?:/rbT^MSa^8 9 ICgBWStlT V*S n 
[0 10 0] 

iCDi^ftsKU S/U 3>«#|»J#V;t- KBu *f««8 5c, 8 7cfiitf 
8 6 c<D±ik%^m%$:WiitiLT\<^&\t^V */ U n &?#J«U #ClCffi«8 5 
cfi±tF8 7 c £ >A#->7?av^ ««8 6 c K1gm&\ZNm*H%3<D 

>ft>ittAU £?>&C, ^SB«»8 7 cfiitf 8 6 c S: U^X 

|R«8 5 c tl«»«^Pa^ltW©>f*>&ffiA + *ifcJCj:_y»J«-rS 

[0101] 

^»<D±#ICjKU S/U 3>«2 4 feJ:aP/4fett«M»JRl 5 6»U US?* b^ 
9-><Dttt> *)K rcD/KU 2/U 3>Jg2 4 J: /* fett*fi»K 1 5 Sr^MbT 

, mms 7 c t««8 e c fc<D#ffs±rMH«8 7 c tmms 5 cto*»&« 

tf)T* <fcV*„ l/VX b /t*->0)Mtl'&^:t t *lJC <fcS««8 7 cCD^SCD^^O 

S*^CS^i:^3S:<, Sic— £0>Tft£(0ffi« 8 7 c * 

- KWtt©«&o*«:&< bWflaacowwa^^^^^feii^t-aii:^ 

BJfglC&£ D 

[0 10 2] 

03 2 (a) ttiKU2/U3>«*l«^>f*- KCDWBS. 03 2 (b) te^tf) 

±®&Sl;hbTv**. s i36*8 i_tK:«rta4xfc^«tMfbBt8 2 0)±»c, 

cBf««jcpa5r:ii«*&»ftrbfep + +««8 s d, pm^nrnt^m^mmt 
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#fc*fcW»f£K»»Sti;MR«8 7 d, #*tci**KK:Nffl^«*S:»iDbfe 

N++««8 6 d i:*>&ft:S3KU 2/ U 3 >«#fa#-f F*^*SftT 

sKU 2/U 3>3«*IftI*>f Ftt, 3># 9 h 8 8 «r^bT&JBKil»8 9 IC&M 

[0 10 3] 

21(Di-536!JKU2/U3V«*rRl^>f*-Fti. *-f««8 5 dSrl/^^h^* 
->T*gvv M«c8 7 d J3 cfct>*8 6 d tCffi^gglC NS**6ft0>-f >T > SrftA U 
$e>tC, ^Stt««8 6 d Sl/^ h/^->t8K ««8 5 di5J:tf8 7 d 

^8 7 d©^ttft<Z)»Stt, ftA$ti^N§2^M#/^-f Pl>F»®^t 

[0104] 
SMK<D*»9 

tCiKU 2/U3>«*[fiI^*- F3 8, 3 7 Slil, M-^|gfClE£>MJEE S 
D^-y^Aofcti'&tt^asWit&ttaRVDDtC, A(Z)WSEE S Df-^Ao 

10 0#E S DIC <fcoTflft«a*lS^fc SrB&V^"ev\^ 0 
[0 10 5] 

r<©<t ^3&3KU £/U 3>=Bt;#ftif*f Flc<fc£E S Dffi9IUKS:fi^^*M 
^asfttt«ffiGNDfc<Brau:MO S h^>^X# £ttJBbfc«3^!»#ffl«S*i' 
[0 10 6] 

03 3 ICjSV^T, NSMOSh7>^* (NMOS) 4 6<Z)4*-K V-* 
fiAtf P9a:^/tt^aJiS«l«ffiGNDtCi6*a*l. F W VtfPSMO S 

(PMOS) 4 7<Z> Fl^-<>lCSiKSftTV^ a — PMOS470y 
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[0 10 7] 

WMSfS^M^Affl*/^ F3 0a ^CAofeiEODSmjEE S Di^-S^i, tfU 
3>«#fa#-f F3 8 0D»^JCj:o-CVDD^4:5!6^S*lS o V D D tC 
J»AUfcr<OiE«ffi*-ytt, *7«JHHCft« PMO S 4 1 (DV-7s^hm\\Z 

[0 10 8] 

VDDfeJ:OPlKMI«Affi*#-&i«<Z>«ffitt. PMOS4 7<0V-* 

. *fliftAffl*fi*l8i:GNDi:(Z)iaic*iRatiTv^SsKU S/U n>«#lRf^-f 
*-K3 7icHu S/Un> (Si) <©PNS-&a>^l/-^y^>«£E J liSJc*feS 

i:A0Stl±E S D^-SJtfAofctfr&fcHSltc, jKU S/'Ja>**W>f 

[0 10 9] 

ffitCJ:oT^l/-^^^>Sr@rf fc, SR^Wtt©* BS- bfc# 
ot, #CEI0>E S Di*-^CDSftAJC*f LTll §«^^6<ftot U*^. 
[0 110] 

HIg&4 8 &tS!W-5 0 
[0 111] 

VDD^£SfeAbfeiE«JEECDE SDf-S?4 5aB, ^ <0iJ-- y<0«EAlC «fc o 
TVDD<Z)«fi*^^±#^Sr ttC J: y ON fcft-SlcfSaVDD/GNDIffl^^ 
V^IBK4 8S:^LtGNDAi:atfan5 (El 3 4 (b) ) 0 I©VDD/G 
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DD<Z>«BE#3KU S/U =r>«#ffijy>f F3 7 <Z>^#ft:/l/- ^ >*E(Z> 
S/U n>«*[ei4r>f F3 7OiS#^lx-?^')>«£E(0|l!»IJ: *J«IC<B 

[0 112] 

«MiSf-§i^Affl±A 0 7 F3 0a SCAo£A£>]gmfiEE S Dif- ^4 5 b# 
„ 3KU 2/U :3>sR2f|fijif>f >f- K 3 7lcj;oTGND^£3ffi;^£;ft,£S^cc^ 

9>S:l»<fri:««-e*, 3R^*fbS:l»ih-r*cii:^-ea* (03 4 (c) ) 0 
[0 113] 

[0114] 

VDD/GNDH#^>:/IIIi»4 8 <Z)^#»&#OS:, EI 3 5£J;£>*IH3 6tC£ 

U BUTTS- 

[0 115] 

B3 SlC^-TMtcas^T, VDD/GNDn^7>^0S4 8 tt, ESDftiS 
[S»7 5, >f >;t-ir 7 6fiitfNMOS (NMOS) 7 7^6f 

f&ZtlT^Zo E SDMM7 5<Offi*tt>f 7 6lC«ttS;fU >f >^ 

-* 7 6 C5Dffi;£tiNMO S 7 ltDV- MC 8S1|S5 3 *l T V ^ 0 NMOS7 7H 

[0 116] 

E S DV-WtftAlC j:^VDDtfi©^t^±#5:E S D^£EJ8&7 5 tC<fc 
UBPffiKSIiRU >f 7 6 S:^lTNMO S 7 7 fet>St, V D D (b 
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[0 117] 

K^«E*<pp*n $ *t & - a % R§ <? - £ #-e£ & - 

[0 118] 
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